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The Kinetic9of the Sorption of Methanol on Cellulose 

Paul E'ugassi and George Ostapchenko 

Coal Research Laboratory, Dept. of Chemistry, 
Carnegie Ins t i t u t e  of Technology, Pittsburgh 13, Pa. 

The sorption of gaseous nethanol on cellulose has been studied a t  
30, 35, and 45°C. 
activation energy of 5,7m c a l  per mole. 
process is suggested involving adsorption of methanol on the surface 
follow&i by permeation of the sol id  by methanol molecules. 
data require t h a t  the surface adsorption be of the d t i l a y e r  type. 
From the kinet ic  data a new sorption equilibrium isotherm is derived 
which fits the  experimental @uilibrium data over the e n t i r e  pressure 
range studied, from a r e l a t ive  pressure of 0.1 to a r e l a t ive  pressure 
of 0.9. 
of t e r t i a r y  butyl'alcohol on cellulose it is  shown that most of the 
methanol held by Fe$l&se is dissolved in t h e  cellulose. 

The process follows a second order equation and bas an 
A mechanism for t h e  sorption 

The kinet ic  

From this equation and f r o m  equilibrium data for t h e  adsorption 
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S m a r y  

The sorption of gaseous methvlol on cellulose has been stxdied a t  30, 
35, and 45°C. 
energy of 5,700 cal. pos mole. 
gested involving adsorption of methanol on the surface followed by permeation 
of the so l id  by methanol molecules. 
adsorption be of the multilayer type. 
equilibrium isotherm i s  derived which f i t s  the experimental equilibriam data 
over the en t i r e  press'we range studied, from a r a l a t ive  pressure of 0.1 t o  a 
re la t ive  pressure of 0.9. 
of tertiary butyl-alcohol on cellulose it is shown t h a t  most of the methanol 
held by c e l l h o s e  i s  dissolved i n  the cellulose. 

The process follows a second order equation and has an activation 
A mechanism fo r  the sorption process i s  sug- 

The k ine t ic  da ta  require tha t  the surface 
From t h e  k ine t ic  data a new sorption 

fiom this equation and from data f o r  the adsorption 

Introduction 

For the sorption of methanol on coal, it was found tha t  the weight of 
mothanol taken up a t  time t a t  some constant pressure and a t  constant temperature 
was given by the equation 7. 

,>' 
i- 

w = & x  wc't 
I t jcx we t 

In t h i s  equation W i s  the weight of methanol held by one gram o f  coal a t  time t, 
k 
h&d by one grarn ^of coal a t  the given temperature and pressure. 
velocity constant, k,, was found t o  be independent of the pressure over a con- 
siderable range of  pressure and hence i s  a true ve loc i ty  constant i n  the sense 
tha t  it i s  a function of the temperature only. 

i s  the experimental veloci%y constant, and !Je is the maximuin weight of alcohol 
The experimental 

Limited data i n  the l i t e r a tu re  appeared t o  show t h a t  the same equation 
was valid fo r  the sorption of polar gases on e l a s t i c  w a l l  ge l s  such as cellulose. 
As cellulose i s  considered one of the precursors of coal it was thought desirable 
t o  investigate t h e  kinetics of methanol sorption on celiulose in de ta i l .  

I Experimental 

Apparatus: 
using a iCci)ain-Bakr type adsorption balance. 
wire and had a sens i t iv i ty  of 1.57 milligrams per millimeter extension. 
lengths were maswed by a cathetometer t o  0.1 mm. 

f b  

The sorption of ne+hanol on cellulose was measured gravimetrically, 
The spring was made of Ni-Span-C 

Spring 
The sample, i n  the form of 

fibers, was carried i n  a glass bucket weighing around 200 milligrams. 
weights were about 300 m i l l i g r a m s .  

Sample 
The apparatus consisted of the balance, a - 
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Z - l i t e r  f l a sk  to add suf f ic ien t  volume to the system so that during sorption ex- 
periments the methanol pressure did not vary more than 1 mm. Hg., a Hg manoneter, 
and a storage f l a s k  fo r  the methanol. lkrcury sealed sto?cocks were used through- 
out. The pumping system was a two-stage Hg diffusion pump backed by a mechanical 
pmp. The en t i re  apparatus was housed in an a i r  thermostat whose temperature coul 
be held t o  S . l o C .  

Chemicals: Absolute aethanol, Mallinckrodt A.R. was used a s  received. 
stored over Drieri te.  
nas prepared f o r  us by the Hercules Powder Co. 
NaOH solution, bleached with C12 and then washed Kith d i s t i l l e d  water. 
treatment of the material was made except t h a t  bafore the start of kinetic ex- 
periments a cellulose sarople, a f t e r  evacuation t o  constant weight, was allowed 
t o  remain i n  contact with methaqol vapor f o r  s e v e r d  days. 
methanol on cellulose i s  isothermally reversible;  evacuation of the system always 
caused the cellulose to return to a weight prac t ica l ly  identical. with the s t a r t i ng  
weight. 

Prucedure: 
s t an t  weight, methanol vapor was admitted t o  the system and readings of the spring 
length taken a t  various times. 
making no correction f o r  buoyancy which can be shorn t o  be negligible or f o r  
adsorption of methanol on the glass bucket and spring. Experiments using an 
empty bucket showed that methanol adsorption on the g lass  bucket and the metal 
spring could be neglected up t o  re la t ive  pressures as high as 0.9. The funda- 
mental data, then, are weights a t  known time in te rva ls  including the equilibrium 
weights characterist ic of each pressure. 

I t  was 
Tertiary butanol was r ed i s t i l l ed .  The sample of cellulose 

Cotton l i n t e r s  were washed with 
No further 

The sorption of 

After evacuation of the system u n t i l  the cellulose sample showed con- 

The spring lengths were converted in to  w i g h t s  

Calculation of Vzlocity Constants / - I  
\ \  

From-the experimental data, a value of the f r ac t ion  o f  thewf'e_acl$m, 
f, could be calculated for  each value of the time. 

where-Wo is the sample weight a t  time, t a 0, 11% is the m i  t a t  t = t, and $le 
i s  the equilibrium weight a t  time t = w .  

against the  time giving s t ra ight  l i nes  through the origin. 
s t ra ight  l i n e  is %We and since We i s  measured fo r  each pressure and teniperature 
k, can be calculated. 
passed through the origin. 
l e a s t  80% of the equilibrium sorption was attained. A t  low pressures, c = 0.1, 
experimental points corresponding t o  the i n i t i a l  stages of the reaction were 
above the s t ra ight  l ine .  This behavior w i l l  be discussed later. 

Ekperimentdl %a 

f is defined as t 

was plotted l-f The value of 

The slope cf t h i s  

In  general, points f e l l  on a s t r a igh t  l i n e  and the l i n e  
In all experiments readings were taken un t i l  a t  

The experimental values of 4 and We are tabulated in Table I. 

k 
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Table I ' 

'A 

'\ 

I 

/ 

T ("C.1 

30 

- 

35 

&5 

.J 

0.a9h 5.0 x Id 
0.700 16.3 11 

0.500 19.2 " 
0.306 7.9 It 

0.125 2 e 5  " 
0.N.18 16.4 " 
0.669 21.4 
0 A86 29.0 " 
0.268 13.0 It 

0 3.9 1.9 It 

0.863 9.3 I' 

0 -697 . 26.7 
0 .It91 31.0 
0.29& 13.1 It 

0 .e88 1.9 

1 . de (moles C H 3 g  
me cellulose 
2i.6 x 1o"L- 
13.6 It 

10.0 It 

5.3 
21.1 I' 

17.3 
12.9 
8.8 It 

5.1 It 

21.2 " 
16.9 It 

13.1 It 

18.1 11 

8.8 
4.5 

It t r i l l  be noted that  the value of the experimental veloci ty  constant passes through 
a maximum a s  the relat ive pressure, c, decreases. 

Since a true velocity constant, k, must be a function of temperakre 
only, the experimental velocity constant, kx, m u s t  be equal t o  k multiplied by 
some function of the relat ive pressme, c. 
t h a t  a n e c h d s m  of the process be formulated. Even such an operation docs not  
i n s u r e  t ha t  k i s  actually known because both velocity constants and equilibrium 
constants hats a similar dependence on temperature. 
equilibrium data are needed t o  make sure tha t  the term k i s  r ea l ly  not k m u l t i -  
pl ied by an equilibrium constant. 

Separation o f  k from k, requires 

In other words, independent 

It Kill be necessary t o  anticipate the discussion of the mcchanism for 
the sorption process t o  be given l a t e r .  It is  postulated i n  br ief  t h a t  the 
n?echabism of the sorption process i s  a tiro-step process, 
experimentally and t h e o r e t i c a y  t o  be rapid, is  the adsorption of methanol 
molecules on the surface of the cellulose. The second step, which determines 
the reaction rate as the slower step, i s  the migration o f  methanol from the sur- 
face in to  the in t e r io r .  
the simplest case 

where $ is  the experimental velocity constant, k is the t rue velocity constant 
and 8. i s  the fract ion of the surface sites covered. 

The first step, known 

From this type of a mechanism it i s  necessary tha t  i n  

A x =  he-  

Now the surface adsorption of methanol on cellulose can be of two types: 
monomolecular with one methanol molecule on one sits or  polymolecular xrith more 
than one methanol molecule on one site. 
m u i r  adsorption isotherm holds and it can be shown t h a t  e increases a s  c increases 
f o r  a l l  values of c. 
a m;ucimun a s  c iccreases. 
cellulose cannot-be monornolecular. 
ternative,  the surface adsorption a t  a given temperature will be shorn t o  be given 
by the equation 

For monomolecular adsorption, the Lang- 

Since k, goes through a maximw,%likevise must go through 
Consequently the surface adsorption of rrethanol on 

For polymolecular adsorption, the only al-  
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In  this e q u a t i o n e i s  the fract ion of surface sites covered by n molecules and 
K1, K2 =e equilibrium constants whose significance w i l l  be discussed l a t e r .  
i s  the relat ive pressure arid po, the vapor pressure of methanol a t  the temperature 
i n  question. 
Insertion of vdlues of one, two, or  th-ee fo r  n gives 0, I S, ~ e3. , the frac- 
t i on  of surface sites covered by one, two, or  three molecules. 
t h a t  the expression fo r  8 k c o n t a i n s  two parameters, K1 and K2. 
experiments a t  different  values of c but a t  the same temperature, k, Kl, and 82 
can be evaluated i n  turn for  0, I 0,,8j 

In figure I i s  shom a p lo t  of %%as a function of c fo r  n 1, 2, 3 ,  
&. 
kxa. kea gave the b e s t  f i t  of the experimental data. 
k e, against c. The points e the experimental points. The so l id  l ine is the 
cdculated 'line v.sing 8.1 x l8 1-5 the v d n e  ot  k (kkE 1 a t  30°C. 

1.05. These values of K2$ are suff ic ient ly  close t o  one that  these kinetic da t a  
are experimental evidence for  the correctness of the assmption, K p o  
i n  the derivation of the BET equation. 

c 

The product, cpo, i s  the pressure of r;eLktno?l vapor actually present. 

It  in11 be noted 
From three kinetic 

. 
It H a s  found t h a t  the experimental values of '5 used i n  the equation, 

Figure I1 is a p lo t  of 

The values of K evaluated a t  three temperatures are 1.07, 1.03, and 

1, made 

\ 

I 

With t h i s  assumption, the equation fo r  e2 simplifies into 
rr, +"( I  -4 e2 = 

From this equation and from the , the values of Kl and k can 
be obtained. However the values of K1 can also e obtained from the equilibrium 
isotherm and a s  the e q u i l i b r i m  measurements have the higkker'precision, it seems 
desirable to  use these values i n  calculatinn k. The values of &PO. as  evaluated 
from the equilibrium isotherm a t  30, 35, and 45°C. are 3.0, 3.6 &dZh.2 respec- 
t ively.  

moles CH30H - hours 
fo r  the three temperatures are: a t  3OoC., 8.1 x lo4; a t  35*C., 10 x l&; and a t  
&5"C., 12.7 x ld. 
5,700 ca l ,  per mole as the average energy of activation. This low value fo r  the 
energy of activation is  evidence tha t  the sorption process is physical i n  nature 

Tfie corresponding average values of k i n  units -of grams celluloss 

These values substi tuted i n  the Arrhenius equation give 

- Equilibrium Sorption Isotherm 

The full solution of the kinet ic  problem i n  closed equation form re- 
quires that  We, the  equilibrium sorption, be expressed as a function of the 
relat ive pressure, cy and the temperature, T. The kinet ic  data are in fona t ive  
and permit the derivation of an equation for the equilibrium sorption isotherm. 
The sorption o f  methanol by cellulose can be visualized a s  a two-skp process: 
1. Adsorption of methanol on the surface, and 2. Rigration of methznol from 'the 
surface in to  the in t e r io r .  
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I n  these equations G rapresents the gas molecule; S the surface sites; G-S, the 
surface sits3 holding one gas molecule; G 2 4 ,  the surface sites holding two gas 
moleclilos, e tc .  

If 6, represents the fraction of surface sites holding one molecule; 

surface si%ss holding n molecules; then the equilibrlum constants would be ex- 
pressed as 

8, , tke fraction of surfzce sites holding two molecules; e,, the fraction of 

%, 

e, 

< F r o =  

K"rO = 

; -  (1 - 6,- e; e,, )C 
. /-- 

e, c 
'Qn K ~ P ,  = - en-1 c 

where po i s  the vapor pressure of the l iqu id  and c is the re la t ive  pressure. 
-: 

Further manipulation of these ecpations requires sone simplifging as- 
swiptions connecting the eq..lilibrium constauts. 
and K2 = K3 = K,, t x o  assumptions similar t o  the ones made i n  derivation of the 
BZT equation (I), then it can be shown t h a t  

If it i s  assumed tha t  K1 > X2 
f. 

................................................................................ 
1.S. Brunauer, P. H. Emmett, and E. Teller, J. Am Chem. S O ~ . ,  60, 309 (1938) 

-----_------------_-___________________c---------------------------------------- 

I '  + (tri-kzjp8c I 

6 2  = lr L p ' L  e, 

These equations were 

&PO = 1.0. 

it was sho-m tha t  the 
kinetic data make two fac t s  obvious: 
involves more than one molecule f o r  one surface site, and 2. K2po = Kpo = 

1. The adsorption of methanol on cellulose 

. To determine the adsorption Isotherm a term,z, w 3 i l  be defined as 

= ei + 2f?; f 38-, I , . .  * .  f n Qfi 
i s  a concentration unit representing moles of adsorbed molecules for 

6.02 x 1023 occqoied sites or one mole of sites. It has been shown (1) t h a t  
8 1  ' 2 i s  given by tne equation, 

2 =  r/ - hi+) 
and using the condition tha t  K2p0 = 1 t h i s  equation reduces to z =  8-/ - - 6 p " C  

O - c ) =  . ( i f ' ~ ~ j O - , ) C ) ( L C >  

which i s  essent ia l ly  the BET equation, for multiplying 
senting moles of sites fo r  one gram of so l id  gives We, the equilibrium adsorption 
i n  moles per gram. 

by a constant repre- 

The second stage of the sorption process involves the migration of 
molecules adsorbed on the surface in to  the in te r ior .  
resented by the equation, 

This reaction can be rep- 
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D 
Site8 holding methanol molecules, the equilibrium constant, K, for the  above 

equation D represents i n t e r io r  sites. Calling C) the fraction of D 

4 %  
F b ) P  

reaction c&be writ ten as 
K =  

and solution of this equation fo r  4 gives (-J= l-fz 
T 

I t H-2 
and the amount of sorption, We, is  given by the equation 

w e =  4t-l-Z 
I +  T ' z  

where A i s  moles of i n t e r io r  sites for'one of solid.  In se t t i ng  the i a s t  
equation it hasbeen  assumed tha t  the measured equilibriuq sorption i s  the sorptior. 
on in te r ior  s i t e s  or, i n  other words, the surface adsorption contributes v e w  
l i t t l e  t o  the t o t a l  sorption. 
t h i s  assumption w i l l  be given l a t e r .  

An experimental and theore t ica l  jus t i f ica t ion  of 

It should be pointed out t ha t  the particular equation f o r  We i s  not the 
general form. The reaction involving sorption on in te rna l  sites might be, 

n cg30tl (-+) j m D F/  D h o j c ~ 3 0 ~ j , ,  
I n  a l l  cases exanined t o  date, n = m = 1. 
using 1 - C$ 
s i t e s  i s  independent of the amount of sorption. 
t ion of new sites, by expansion of the gel, then the concentration of empty 
in te rna l  s i t e s  would be of the form, (1 - 4 + f (4) ). 
experimental evidence has been found which requires the use of a site-expansion 
term. 

Furthermore it has been assmed by 
f o r  the concentration of empty i n b r n a l  s i t e s  t ha t  the nmber of 

If sorption leads t o  the forma- 

To date, no def iMte  

The sorption isotherm derived here, w h i c h  i s  

i s  an equation involving 
the equilibrium data i n  
wall gels. 
of a subsequent paper. 
systems up t o  re la t ive  pressures of 0.9 or greater. 

The extension of this equation t o  other systems w i l l  be the subject 
But it can be s ta ted  t h a t  i n  general it trill f i t  many 

The equation fits the equilibrium data fo r  methanol sorption on cellulose 
a lso  t o  0.9. 
the constants l i s t e d  i n  Table X I .  

Application of the equation t o  the methanol-cellulose system gives , 

Table I1 
Constants f o r  Nethano1 Sorption on Cellulose 

_I_- 

a K A 

n n n  
30" C . 

13.60 0.65 . 2.65 n 
n n n  

35 
45 9.91 0.58 2.64 n 

2.61 x 10-3 moles D s i t e s /  gram 

The values of K i n  Table 11, are dimensionless because E ,  used i n  K, represents 
a dimensionless quantity, the average number of adsorbed molecules held by one 
occupied surface site. It will be noted tha t  A is independent of the temperature 

. 
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BS uould be expected. K1 and h' vary i n  the normdl p m e r  the temperature, 
Psfng the equation, ~ F O =  - R r L  K , and evaluating A H  from a 

. , p lo t  of InK against the reciprocal of  the absolute temperature A?, AH and 
'AS f o r  surface adsorption (111) and f o r  i n t e r i o r  sorrjtion (K) can be evaluate-de 
These quantit ies have been tabulated in  Table III. 

1 
Table I11 

Thermodpmic Values 
,- - -- 

A S  A N  ?- 
Equilibrium Temp. c- bF 

30°C. -1610%Z/1n01e - % 8 0 ~ / m o l e  -11.5 cal.-/degree 
-11.3 
-11.4 

II n n 
n n n  

-1600 n n Surf ace 35 
K1 45 * -11150 " a 

30°C. 530 cal./mole -1830 cal./mole - 7.8 n - 7.9 Interior .. 35 11 600 a - 7.8 " X 4s 660 " 0 

n a n  
n n n  

Thermodynamic data derived f r o m  measurements over l imited temperature ranges 
would be expected t o  have low precision so t ha t  conclusions drawn fron such data 
cannot be too def in i te .  The heat of cendensation of  methanol vapor i n  the t e m -  
perature range from 30" t o  hs"C. is\known to  vary but  assuming a constant value 
over t h i s  temperature range the heat of condensation is approlcimately -8,600 
cal. per mole. The f a c t  t ha t  the value of Akf for  the i n t e r io r  sorption (9 s i t e s )  
d i f f e r s  grea t ly  fron the heat o+" condensation indicates that the in t e r io r  sorption 
cannot consist  of .a large number of methanol molecules clustered near one site. 
In general, clustering o f  methanol molecules s o  tha t  interaction of methanol 
molecules with methanol molecules takes place should lead t o  higher values of 
the hea t  of reaction for  the in t e r io r  sorption than those observed. 

'\ 

Reaction Nechanism 

Reactions 1 and 2 represent the adsorption of the gas on S (surface) 
Obviously additional reactions lezding to  the formation of species l i k e  

d l  reactions involving surface adsorption of the physical type are known 

sites. 
G3*S, G4-S are also involved but  are not necessny for explanation of the kinetic 
data. 
t o  be rapid both on theoretical and experimental grounds. 
used to  indicate tha t  these reactions are i n  equilibriunt. 

Tne aouble arrow i s  

Reaction 3 is  the slow rate-determining reaction fo r  the sorption 
A molecule from a si te of the G2'S type migrates i n to  the in t e r io r  and process. 

i s  held on %no D ( in te rna l )  sites. Two in te rna l  sites are required to  explain 
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the second order kinetics found experinentally. 
be discussed l a t e r .  Fieaction 
account for the r eve r s ib i l i t y  of the sorption process. 
equilibrium type reaction. 
D site, which is indicated to be the case from the previously derived sorption 
isotherm. 

The nature of these sites w i l l  
is the reverse of reac+;ion 3 and is necessary t c  

Reaction 5 is a rapid 
It is  postulated to  have one G molecule held on one 

Using W to be W - W o r  the increase i n  weight a t  time, t, and We to 
be W o o  - W, or  the increzse d? m i g h t  a t  i n f i n i t e  time, the d i f fe ren t ia l  equation 
for  the process is, 

W Since f ,  the f'raction of reaction, is -, th is  equation can be arra-ged to give 
We 

Let B designate the term, krZBI , Introduction of B gives 

which on integration and substi tution of-limits gives, 

Unfortunately, t h i s  equation i s  d i f f i c u l t  to  handle n h e r i c a l l p  because of the 
appearance of B i n  the In term.  However, the experimental data indicate, t h a t  
a t  higher pressures corresponding t o  higher values of  c ,  B becornes smaller since 
e*/e. is l/c. If B can approach a s m a l l  number then the d i f f e ren t i a l  equation 

which on integration and substi tution of limits give 

This l a t t e r  

the f u l l  equation should be used. For single experiments it has been shown t h a t  
the experimental data f i t  the f u l l  equation using the trial and e r ro r  mthod f o r  
the evaluation of B. 
the region for which the experimental precision of the apparatus is low. 
the reason fo r  l imiting the experimental work t o  the region, c 7 0 ,  / . 

It w i l l  be noted tha t  the da ta  suggest only G2*S species on the surface 
furnish G molecules for the in t e r io r  sites. 
other types of surface species such as G-S and G 'S are not involved i n  the reac- 
tion. 
firmly on the S (surface) site than on the ? ( in te rna l )  site. The standard f ree  
energy differences a t  30°C. for  the reactions G+ S ~2 G * S  and G f D 2 G-.c  
are about -1600 and -450 cal. per mole, or a difference of 1150 cal.  Two reasons 
can be advvlced f o r  the r e l a t ive ly  l i t t l e  pmt ic ipa t ion  of G 0s 
the adsorption reaction. I n  the first place the f rac t ions  02 .&ace, -9, , e+L , 
occupied by each type are re la ted  by the equation, 

rate constants se t t ing  .hj QL. 
= R ,  , The experimental work indicates t h a t  at low pressures ( c  = 0.1) 

However, the low pressure region from c = 0 t o  c = 0.1is  
This is 

The question naturally asked is why 

3 For the G'S configuration it appears t ha t  the G molecule is  held more 

*S species i n  
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and except a t  high values of c, the re la t ive  concentrations of G3.s and higher 
species are low. See Figure I. 
m r i c  materials need not, a s  i n  the case of metals, be r e s t r i c t e a  t o  areas 
essentiall.y equal t o  the area occupied by an atom, 
on cellulose could be much la rger  than the area of a single atom. 
Could be visualized in  the case of methanol adsorption on celldose,  as cooperative 
and hence adjacent functions groups such as h y d r o g l .  
orientation o f  tAe surface units is  o f  importance and the d i f fe ren t  types of 
s i t e s  correapond t o  adsorption on a heterogeneous surface. 
t h a t  gaseous methanol nolecules cannot penetrate the c rys ta l l ine  l a t t i c e  of 
cellulose and there such a l a t t i c e  i s  present on the surface, adsorption on such 
crys ta l l ine  sites w i l l  not lead  d i rec t ly  to sorption on the i n t s r i o r  sitss. 

In the s3cond place the adsorption sites on pol;F- 

The area of the surface sites 
Such sites 

If %his i s  tr;le t!!en the 

It is very probable 

The r eve r s ib i l i t y  of the sorption process is obviously dependent on 
the r e l a t ive  values of 8, I and e2. , which i n  turn  depend on the pressure. 
If i n  the system a t  equilibriuni the pressure of methanol is decreased, 6,approaches 
zero faster than %,, and the reverse reaction predominates. 

Desorption & p e r b e n t s  

m e  r a t e s  of desorption of methanol from cellulose have been measured 
i n  a number of experiments but with the experimental conditions used here the 
data are not s ign i f icant  and have not been reported. 
the same rate equation a s  the sorption data. 
against t. 
ments all data f i t  on such a l i ne .  However the experimental slops i s  always 
lower than l/’ile, where We has been deternuned from equilibrium measurements. 
Desorption experiments axe made under high vacuum and as  desorption is an endo- 
thermic process it is believed t h a t  i n  the present procedure the temperature o f  
the  sample i&‘ appreciably lower than t h e  thermostat temperature. 
technique m u s t  be modified i n  some manner t o  ge t  better heat transfer,  probably 
by pe l le t iz ing  the cellulose sample. 
problem is continuing. It should be mentioned tha t  in  the sorption experiments 
W as determined from the p l o t  of t/?i against t always checked the value of  We 
o%tained from equilibrium measurements t o  1% or be t te r .  
surement i s  free from thermal e f fec ts  caused by the evolution o f  heat it m s  
concluded t h a t  the sorption measurements were being made suf f ic ien t ly  close t o  
thermostat temperatures so as t o  be significant. The low energy o f  activation 
fo r  the sorption process indicates that the change i n  k with change i n  tempera- 
ture i s  about 3$ per degree i n  comparison t o  a change of greater than 61 Fer 
degree usually encountered i n  k ine t ic  work. 

The desorption data follow 
Tnis can be shown by plott ing t / W  

The slope of the s t ra ight  line should be l/We. In desorption experi- 

The present 

Experimental work on t h i s  phase o f  the 

As the equilibrium mea- 

Number of Surface S i t e s  ---- 
%e kine t ic  data indicate t h a t  the number of surface sites on cellulose 

i s  small. 
be equal to the weight of me-thanol on the surface plus the weight of methanol 
h d d  i n  the in te r ior .  The’experimental quantity is, of course, the total might .  
Kinetically, it would app’ear t h a t  the only manner i n  which the t o t a l  weight could 
follow the experimental k ine t ic  s q a t i o n s  nould be t h a t  the weight of the methanol 
held i n  the in t e r io r  i s  essent ia l ly  equal t o  the t o t a l  weight o r  t ha t  the weight 
of methanol adsorbed on the surface is s m a l l .  , 

surface sites ‘on cellulose m u s t  be s m a l l .  Sxperimental c o n f h a t i o n  of this point 
is  desirable. 

The t o t a l  weight of methanol held by cellulose a t  a given time m u s t  

If t h i s  is true, the number of 

.J 

, 



R e  adsorption of t e r t i a r y  butyl a lcohol  on cellulose has been measured 
Tertiary butyl alcohol was selected as a molecule having re lz t ive ly  a t  bS"C. 

large dimensions along the x, y, and z axis. 
alcohol by cellulose is a very slow process, and equilibrian valuewere not ob- 
tained because of the slowness of the.systern t o  come t o  equilibrium. 
procechre was adopted assuming that  surface adsorption had reached i ts  equ i l ib r im 
value i n  one hour. For non-porous so l ids  ten minutes suffices.  
sanmle was exposed f o r  ona hour t o  a h o ~ m  pressure of t e ~ t i a y  butyl alcohol and 
the increase i n  wight recorded. 
new weight increase measured f o r  a new pressure. 
cellulose sample rgturns t o  i t s  initial weight on punping s o  t ha t  thz adscrption 
is reversible. 
t o  0.8 and gave a Lan 
r a g e d  fr0x 1.h x 10-yto 7.9 x 
low values of c, these values fo r  t e r t i a r y  butyl alcohol are much smaller +&an 
those obtained with methanol (see Table I). These data are  considered experi- 
men+A evidence *,at the number of surface s i t e s  on the cellulose is small and 
tha t  most of the methanol held by the cellulose i s  dissolved in the cellulose. 

n e  sorption of b r t i a i  butyl 

The folloving 

Tie cellulose 

Tne sample vas then evacmated cverfight ar.d a 
Under these conditions, the 

kkaasurements of this type were mzde from re la t ive  pressures 0.1 
uir type isotherm. Tertiary butyl alcohol adsorptions 

7 moles alcohol per gram cellulose. Except a t  
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